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the number of teeth in each segment. [2] An advantage of En Masse Retraction in maintaining the "Leveling of Alignment" of anterior teeth should be taken into account by the clinician. Application of the "Theory of Optimal Force Values," which depends on using continuous low force, as minimal as available, and simultaneously over the due threshold that is sufficient to cause the tooth movement, it is possible to retract canines and incisors "en masse" without causing excessive anchorage loss in the posterior segments. It can be suggested that forces necessary to retract the anterior segment dissipate and are below the biological threshold to cause substantial movement of the posterior anchorage units. [4] Closed coil spring is the most common space closing auxiliary. NiTi is generally more effective as a spring material than stainless steel because it can be activated further before permanent deformation occurs. Many factors affect the load deflection rate of these closed coil spring. These include alloy, wire size, lumen size, and the pitch of the coils and length of the spring. [5, 6] NiTi also produces a more constant force level over its activation range Dr. Winfried Schutz, an orthodontist of Germany introduced a unique device to provide a technical approach toward a step by step tooth movement for space closure. HYCON device enables to move the tooth in a precise and controlled motion. This device permits exact and controlled activation in small steps. With each 360° turn the HYCON screw moves by 0.014/0.35 mm precisely. [7, 8] Duration of treatment is what most of the orthodontic patients complain about most. So, the purpose of our study was to compare the rate of individual canine retraction using HYCON device and nickel titanium closed coil springs.
MateRIals and Methods
The study was carried out in Thai Moogambigai Dental College and Hospital in the Department of Orthodontics and Dentofacial Orthopedics.
Inclusion criteria
• Class 1 malocclusion with bimaxillary protrusion from the cephalometric values • Twenty patients (10 males and 10 females) with age ranging from 14 to 23 years • Cases with maximum anchorage • Canine teeth that were placed within the arch without rotation and without considerable tipping (assessed from casts) • Patients with periodontally healthy teeth.
Exclusion criteria
• Canines placed in excessive palatoversion and excessive labioversion measured by the preoperative models • Canines with severe rotation and or tipping • Nonvital teeth • Abnormal curvature of the canine roots • Poor oral hygiene and periodontally weak teeth.
Armamentarium
Twenty patients (10 males and 10 females) with an age group ranging from 14 to 23 years with Class 1 bimaxillary protrusion were selected for this study by a power analysis. HYCON device was placed in the upper right quadrant of all patients and 9 mm NiTi closed coil spring was placed in the left quadrant of all patients. 0.022 MBT preadjusted appliance with an upper triple and lower double buccal tube and 0.017 × 0.025 stainless steel wire were used during retraction.
All patients were examined clinically with the following records. The following preretraction records were obtained from each patient like panoramic radiographs, lateral cephalograms with orientation markers, intra-oral periapical radiographs of the maxillary canines, standard photographs (extra-and intra-oral), and study models. The objective of the study was to compare the individual canine retraction using HYCON device and NiTi closed coil spring. The duration of canine retraction, angulation of canine, canine rotation and anchorage loss was also compared.
Design of the HYCON device
"The screw is one of the oldest elements of force used in removable orthodontics. Its function allows the handler to apply an exactly defined pressure to the periodontium. The defining aspect of the HYCON Device is that its capacity goes beyond that of a standard screw, forming an impeccable functional unity with the help of a multiband apparatus, preferably the Preadjusted edgewise technique. The HYCON device uses a rectangular support wire that is inserted into the auxiliary tube of the double or triple buccal tube. A bolt-and-nut assembly is soldered buccally to this rectangular wire; a ligature wire is tied to the end of the bolt, and the opposing end of the wire is tied to the anterior segment. The patient is instructed to turn the bolt for space closure. The HYCON Device is compatible with all common fixed appliances. With the HYCON Device, a single 360° turn of the screw provides an activation length of 0.35 mm as tested with a profile projector at ×50 magnification.
Landmarks used to measure canine retraction
• C1 -Preretraction canine cusp tip • C2 -Postretraction canine cusp tip • XY -Mid-palatal raphe plane • C1R1 -Line drawn perpendicular to XY passing through point C1 • C2R2 -Line drawn perpendicular to XY passing through point C2 [ Figure 1 ].
Measuring procedure
The pre-and post-retraction study models for all the patients were taken. The mid-palatal raphe was constructed by joining the anterior and posterior raphe points and used as a reference line for measurement. Using the constructed mid-palatal raphe as the reference plane and the rugae points as reference point's superimposition was done. Then the perpendiculars were drawn on the median line (mid-palatal raphe plane) from the cusp tip of the maxillary permanent canine (C1-preretraction, C2-postretraction) and the mid-palatal raphae (XY). The difference between the C1R1 and C2R2 is the amount of canine retraction.
Activation of HYCON device
The HYCON device is inserted into the auxiliary slot of the molar buccal tube. Using the small safety screwdriver, the patient activates the HYCON device every three to 4 days by turning it clockwise [ Figure 2 ]. To reduce the slack of the connecting wire, the patient should turn the screw clockwise until he/she feels a slight tension. The guidelines for activation of HYCON device is given [ Figure 3 ], according to the different anchorage requirements. [7, 8] 
Canine angulation
To analyze the inclination of canine, lateral cephalometric radiographs were taken before and after canine retraction. Orientation markers were fabricated using stainless steel wire soldered vertically to the canine band. The canine brackets with vertically oriented markers were temporarily ligated, which invariably coincided with crown and root angulation of canine [ Figure 4 ]. Canine angulation was defined as the angle formed by the intersection of the infraorbital and the line extending from the jig placed into the vertical slots of each canine. [9] The composite tracing was done in the pre-and post-retraction lateral cephalometric radiographs. The amount of canine tipping was measured with reference to the palatal plane (ANS-PNS) using ANS as the reference point. The amount of canine tipping was calculated by the difference of tip between the markers in pre-and post-retraction cephalometric radiographs. Thus, the angulation of the canine to the palatal plane was measured.
Canine rotation
Canine rotation is defined as the angle formed by a line through the distal and mesial contact points of the canine to the mid-palatal raphe [ Figure 5 ]. Rotational change in canine position was measured from the dental casts. The angle formed between a line through the distal, and mesial contact points of the canine and the mid-palatal raphe were measured pre-and post-retraction. The angular measurements were done by drawing a line in continuation with the canine width to meet the reference line forming a canine angle. 
Anchorage loss
The anchorage loss was assessed from dental casts by doing palatal plug analysis. A transferable reference was fabricated using an acrylic mold of the palatal raphe, anatomically fitted for each subject, and wires were directed to the central fossa of the first permanent molar of the pretreatment dental cast. The palatal plug was fabricated from acrylic with reference wires (0.021 × 0.025-inch stainless steel) [ Figure 6 ]. This device was hence placed on the same site on final dental casts and differences in the location of the molars from the initial cast was measured to indicate the extent of anchorage loss [ Figure 7 ]. [10, 11] Parameters used to evaluate periodontal health of the teeth
The papillary-marginal-attachment index (PMA index) was developed by Massler and Schour in 1940. [12, 13] A gingival unit was divided into three component parts: The routine examination procedure includes the facial tissues surrounding all the teeth from the maxillary right second premolar around to the maxillary left second premolar and then from the mandibular left second premolar to the mandibular right second premolar is followed.
Scoring criteria Papillary component (P)
• 0 -Normal; no inflammation • 1 -Mild papillary engorgement; slight increase in size • 2 -Obvious increase in size of gingival papilla; bleeding on pressure • 3 -Excessive increase in size with spontaneous bleeding • 4 -Necrotic papilla • 5 -Atropy and loss of papilla (through inflammation).
Marginal component (M)
• 0 -Normal; no inflammation visible • 1 -Engorgement; slight increase in size, no bleeding • 2 -Obvious engorgement; bleeding upon pressure • 3 -Swollen collar; spontaneous bleeding; beginning infiltration into attached gingival • 4 -Necrotic gingivitis • 5 -Recession of the free marginal gingival below the cementoenamel junction due to inflammatory changes.
Attached component (A)
• 0 -Normal; pale rose; stippled • 1 -Slight engorgement with loss of stippling; changes in color may or may not be present This device was hence placed on the same site on final dental casts and differences in the location of the molars from initial cast was measured to indicate the extent of anchorage loss 
Statistical methods
In a sample of 20 patients, descriptive statistical analysis including mean values and standard deviations were calculated. Kolmogorov-Smirnov test reveals that all the variables follow a normal distribution. Therefore to analyze, the data parametric was used. To compare the mean values between HYCON device and NiTi closed coil spring groups independent sample t-test is applied. To compare the mean values between pre-and post-retraction paired samples, t-test is used.
Results
The experiment lasted for 3 months and was terminated HYCON device retracted canines with a minimum of 2.42 mm/mo and maximum of 1.34 mm/mo (average = 7.29 mm), whereas NiTi closed coil spring retracted canines only about 3-4 mm in the period of 3 months [ Table 1 ]. Anchorage loss was recorded as the distance of mesial movement of molars in millimeters. Anchorage loss of 1.4 mm was seen in HYCON device whereas in NiTi closed coil spring the anchorage loss was 3.35 mm [ Table 2 ]. The angular rotation of canines were measured and the minimal canine rotation was found to be 2.3° for HYCON device and 11.2° of rotation in NiTi closed coil spring [ Table 3 ]. Clinically and radiologically, although some canines tipped slightly after retraction most of the canines moved bodily with tipping of 3.4° for HYCON device and 7.8° for NiTi closed coil spring [ Table 4 and Figure 8 ].
dIscussIon
In most orthodontic patients, including those with severe skeletal disharmonies, improvement of esthetics is a primary treatment objective. Premolar extraction is a common treatment method, especially in patients with Class 1 bimaxillary protrusion. It usually takes 1.5-2 years to treat these patients. [14] The retraction of anterior teeth is a critical part of bicuspid extraction treatment and should be precisely controlled. [15] The rate of tooth movement gives an idea to the orthodontist about the importance of physiological and clinical changes. Physiologically, rates of movement are indirect indicators of bone turnover and remodeling. The tooth movement occurs followed by a lag phase associated with hyalinization, a third phase with accelerated rates of tooth movement and a fourth phase of constant tooth movement. [15] Proffit and fields recommended the sequential canine retraction for maximum anchorage, stating that this approach would allow the reaction force to be constantly dissipated over the large periodontal ligament area in the anchor unit. [12] The most common mechanism for making retraction space available involves the extraction of the first premolar in each quadrant. To retract the anterior teeth into the extraction space, most treatment strategies involve attaching the anterior teeth to the teeth posterior to them. [16] [17] [18] In our study, there is the comparison rate of canine retraction using HYCON device and NiTi closed coil spring. According to our study HYCON device has a fast, precise and successful space closure than NiTi closed coil spring.
Movement of canine
Although every attempt was made to achieve bodily movement of the canines with retraction appliance such as NiTi closed coil spring and HYCON device, a significant amount of tipping of the canines was observed. Bodily movement with minimum amount of tipping. The tipping of maxillary canine was analyzed on the cephalometric superimposition of pre-and post-retraction cephalograms with a custom made orientation markers in place. The degree of tipping of canine was calculated in relation to the palatal plane. Compared to other studies, we encountered less amount of tipping of mean 3.4° in HYCON cases when compared with NiTi closed coil spring. The amount of canine retraction in HYCON device is a maximum of 2.42 mm whereas NiTi closed coil spring retracted canine 1.34 mm only in 3 months.
Minimal anchorage loss
Anchorage loss is the reciprocal reaction of the anchor unit that can obstruct the success of orthodontic treatment by complicating anteroposterior correction. [19, 20] The amount of anchorage loss in first molars was 1.4 mm for HYCON device. So this technique of HYCON device for retraction can be a breakthrough for orthodontic treatment in adults where anchorage requirements are critical. Salzmann stated that "regardless of the skill one may possess in the mechanics of space closure following the extraction of the teeth, the teeth in the posterior buccal segment will be displaced mesially to some extent" [21] Geron et al. found that anchorage loss is a multifactorial response that is primarily affected by the amount of crowding and mechanics and secondarily by age, location of extraction site and overjet in declining order of importance. [10] 
Rotation of canine
The angular rotation of canines were measured, and the minimal canine rotation was found in HYCON device was (2.5) while NiTi closed coil spring was 10.80 on an average. The orientation of the HYCON device close to the center of resistance of canine tooth caused the minimal rotation of canine. Creekmore [22, 23] stated that, as a rule of thumb, when first premolars are extracted, one can expect the posterior tooth to move forward approximately one-third of the extraction space, leaving two-thirds of the space for the relief of mild crowding and relieve bite opening.
conclusIon
For rapid space closure, HYCON device is a promising appliance. With HYCON device, canines can be completely retracted in 3 months, and there was bodily movement of canine seen in all cases with minimum amount of tipping.
The following older adolescent and adult patients could benefit from the technique: With the use of HYCON device, anchorage teeth could withstand the retraction forces with minimal anchorage loss and without clinical or radiographic evidence of complications such as root fracture, root resorption, ankylosis, periodontal problems, and soft tissue dehiscence.
Thus HYCON device reduced the orthodontic treatment duration by 3 months in the patients who needed extraction, without the need of extra-or intra-oral anchorage devices and with no unfavorable short-term effects in the periodontal tissues and surrounding structures.
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